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To determine the epidemiologic features and clinical outcomes of bloodstream infections caused by extend-
ed-spectrum �-lactamase (ESBL)-producing Escherichia coli and Klebsiella pneumoniae isolates, cases of bac-
teremia caused by these organisms in children were analyzed retrospectively. Among the 157 blood isolates
recovered from 1993 to 1998 at the Seoul National University Children’s Hospital, the prevalence of ESBL
production was 17.9% among the E. coli isolates and 52.9% among the K. pneumoniae isolates. The commonest
ESBLs were SHV-2a and TEM-52. A novel ESBL, TEM-88, was identified. Pulsed-field gel electrophoresis
analysis of the ESBL-producing organisms showed extensive diversity in clonality. The medical records of 142
episodes were reviewed. The risk factors for bloodstream infection with ESBL-producing organisms were prior
hospitalization, prior use of oxyimino-cephalosporins, and admission to an intensive care unit within the
previous month. There was no difference in clinical severity between patients infected with ESBL-producing
strains (the ESBL group) and those infected with ESBL-nonproducing strains (the non-ESBL group) at the
time of presentation. However, the overall fatality rate for the ESBL group was significantly higher than that
for the non-ESBL group: 12 of 45 (26.7%) versus 5 of 87 (5.7%) (P � 0.001). In a subset analysis of patients
treated with extended-spectrum cephalosporins with or without an aminoglycoside, favorable response rates
were significantly higher in the non-ESBL group at the 3rd day (6 of 17 versus 33 of 51; P � 0.035), the 5th
day (6 of 17 versus 36 of 50; P < 0.05), and the end of therapy (9 of 17 versus 47 of 50; P < 0.001). In conclusion,
the ESBL production of the infecting organisms has a significant impact on the clinical course and survival of
pediatric patients with bacteremia caused by E. coli and K. pneumoniae.

Escherichia coli and Klebsiella pneumoniae are leading
causes of serious infections in neonates, neutropenic cancer
patients, and other patients with underlying diseases. These
bacteria had been uniformly susceptible to oxyimino-�-lactam
antimicrobials. However, since the initial description of ex-
tended-spectrum �-lactamase (ESBL) production by K. pneu-
moniae strains in 1983 (18) and E. coli strains in 1987 (3),
strains of E. coli and K. pneumoniae that are resistant to broad-
spectrum cephalosporins are increasingly being recognized (6,
14). There have been many reports of outbreaks caused by
these organisms in cancer centers, pediatric and geriatric
wards, and hospitalized nursing home patients. However, epi-
demiologic descriptions of bloodstream infections caused by
ESBL-producing E. coli and K. pneumoniae are limited (32,
36), and clinical data regarding treatment are further limited
(2, 31, 35, 36). At present, carbapenems are recommended for
the treatment of infections caused by ESBL-producing organ-
isms. However, this recommendation is primarily based on the
in vitro effect (12), the results of animal experiments (33), and
only very limited clinical data.

As clinical isolates of the family Enterobacteriaceae had been
collected in our institute, we could analyze them for the pro-
duction of ESBLs and investigate the clinical characteristics of
the bloodstream infections caused by ESBL-producing E. coli
and K. pneumoniae isolates and their clinical responses to
treatment by reviewing the medical records retrospectively.
Thus, the objectives of this study were to analyze the risk
factors, clinical outcomes, and clinical responses to treatment
of bacteremia caused by ESBL-producing E. coli and K. pneu-
moniae in children and to investigate the prevalence and the
types of their ESBLs.

(This study was presented at the 41st Interscience Confer-
ence on Antimicrobial Agents and Chemotherapy, 2001, Chi-
cago, Ill. [Y.K. Kim, H. Pai, H. J. Lee, S. E. Park, E. H. Choi,
J. H. Kim, and E. C. Kim, Abstr. 41st Intersci. Conf. Antimi-
crob. Agents Chemother., abstr. K-1242, 2001].)

MATERIALS AND METHODS

Bacterial strains and patients. This study evaluated a total of 157 consecutive
episodes of bacteremia, 89 caused by E. coli and 68 caused by K. pneumoniae, in
children aged 0 to 17 years that were diagnosed during a 5-year period from
November 1993 through December 1998 at the Seoul National University Chil-
dren’s Hospital. The institute is a teaching hospital with �300 pediatric beds and
is located in the center of Seoul, Korea. During the study period, all strains of E.
coli and K. pneumoniae isolated from blood were collected and stored at �70°C.
The species of the strains were determined by standard methods (34). Of the
stored isolates of E. coli and K. pneumoniae from 183 episodes of bacteremia,

* Corresponding author. Mailing address: Department of Pediatrics,
Seoul National University Children’s Hospital, 28 Yongon-dong,
Chongno-gu, Seoul 110-744, Korea. Phone: 82-2-760-3633. Fax: 82-2-
745-4703. E-mail: hoanlee@plaza.snu.ac.kr.

† Present address: Department of Pediatrics, Pusan National Uni-
versity Hospital, 1 ga 10, Ami-dong, Seo-gu, Pusan 602-739, Korea.

1481



those responsible for 157 episodes were successfully recovered. Only one isolate
from each episode was included in the microbiological analysis.

Among the 157 episodes of bacteremia, 142 episodes (81 caused by E. coli and
61 caused by K. pneumoniae) were included in the clinical analysis; 13 episodes
for which medical records were unavailable (3 infections with ESBL-producing
strains and 10 infections with ESBL-nonproducing strains) and 2 episodes of
infection with an E. coli AmpC hyperproducer were excluded.

Clinical analysis. (i) Definitions. Fever was defined as an axillary temperature
of �38.0°C. The primary focus of infection was defined as a culture-positive site
and/or a clinically evident site of infection concomitant with bacteremia. Bacte-
remia was considered nosocomial if it developed following 72 h of hospitalization
or if a patient had been hospitalized within the previous 2 weeks (25). Coinfec-
tion was defined as the isolation of organisms in addition to E. coli or K.
pneumoniae from the same initial blood culture or clinical or laboratory evidence
of viral infection at the time of isolation of E. coli or K. pneumoniae. Superin-
fection was defined as the isolation of other organisms, either bacteria or viruses,
or the development of clinical evidence of viral infections before control of the
initial episode. Prior antibiotic use was defined as at least 24 h of therapy within
the 30 days before the isolation of the organism.

Patients who had malignant diseases, premature babies, and patients receiving
steroid therapy were classified as immunocompromised; the other patients were
considered immunocompetent. Neutropenia was defined as an absolute neutro-
phil count �500/mm3 at the onset of bacteremia. Disease severity was estimated
by the presence of the following variables: shock, hypothermia (body tempera-
ture, �36.0°C), renal insufficiency (a serum creatinine level of �2.0 mg/dl or a
requirement for dialysis), hepatic dysfunction (a serum bilirubin concentration of
�2.5 mg/dl or increased aspartate aminotransferase or alanine aminotransferase
levels more than twice the normal levels), respiratory difficulty (a partial arterial
O2 pressure of �60 mm Hg, a partial arterial CO2 pressure of �50 mm Hg, or
a need for ventilatory assistance), or neurological dysfunction (change in con-
sciousness level). Septic shock was defined as sepsis associated with evidence of
organ hypoperfusion and a systolic blood pressure �90 or �30 mm Hg less than
the baseline value or a requirement for the use of vasopressors to maintain blood
pressure.

The antimicrobial therapy was presumptively considered appropriate if the
causative organism was susceptible to at least one of the prescribed antimicro-
bials by an in vitro test. Only those who received presumptively appropriate
antimicrobials for at least 24 h were included in the analysis for response to
antimicrobial therapy. A response to therapy was considered favorable if the
child became afebrile for the subsequent 48 h or more, initial signs and symptoms
abated, and no complications developed; otherwise, the response was considered
unfavorable. Fatal cases in which the cause of death was not infection were
excluded in determination of the therapeutic outcome.

(ii) Treatment regimens. Initial antibiotic therapy and subsequent modifica-
tions were supervised by the attending physician; for �90% of the patients, that
person was one of the authors.

Neutropenic cancer patients were initially treated with an empirical regimen
that consisted of a narrow-spectrum cephalosporin or an antistaphylococcal
penicillin, an antipseudomonal penicillin (without a �-lactamase inhibitor), and
gentamicin. After 3 to 4 days, the antibiotics were modified depending on the
clinical response and/or the susceptibility of the isolated organism. At the time of
management of the patients, antimicrobial susceptibility tests were performed
for individual isolates with a commercial system (bioMérieux Vitek Inc., Hazel-
wood, Mo.) or by a disk diffusion test; the isolates were not screened for pro-
duction of ESBLs. When there was a favorable response, the initial antibiotics
were continued for most of the patients. If the blood culture grew E. coli or K.
pneumoniae and the response was unfavorable, the narrow-spectrum cephalo-
sporin and an antipseudomonal penicillin were replaced by an extended-spec-
trum cephalosporin (cefotaxime or ceftriaxone) or imipenem, depending on the
in vitro susceptibility test result (first modification). Gentamicin was also
changed to amikacin, if necessary. Three to 4 days after the first modification, the
regimens for the unresponsive patients were reevaluated; for most patients, the
modified regimens were continued as long as the organism was susceptible to the
regimen, but for deteriorating patients, cephalosporins were changed to imi-
penem, even though the causative organism was susceptible to the cephalosporin
being used (second modification). Some patients who were in critical condition
at presentation received regimens that included extended-spectrum cephalospo-
rins or imipenem as the initial empirical regimen.

The doses and dosing intervals of the individual antimicrobial agents were as
follows: cefazolin, 30 mg/kg of body weight every 8 h; nafcillin, 50 mg/kg every
6 h; carbenicillin, 150 mg/kg every 6 h; gentamicin, 2.5 mg/kg every 6 h; amikacin,
7.5 mg/kg every 8 h; cefotaxime, 50 mg/kg every 6 h; ceftriaxone, 50 mg/kg every
12 h; imipenem, 25 mg/kg every 6 h.

For premature infants and neonates, the initial regimen was a combination of
ampicillin and an aminoglycoside or ampicillin and cefotaxime. The other pa-
tients were initially treated with a narrow-spectrum cephalosporin and an ami-
noglycoside. For both groups of patients, the initial regimens were subsequently
modified, depending on the clinical response and/or the results of susceptibility
tests, in a manner similar to that for the neutropenic cancer patients.

(iii) Review of medical records. The demographic and clinical data collected
for each patient included sex; age; immune status; acquisition of polymicrobial
bacteremia; underlying disease; a history of hospitalization within the previous
month; admission to an intensive care unit within the previous month; previous
use of antimicrobial therapy, especially extended-spectrum cephalosporins; use
of a mechanical ventilator within the previous month; the presence of an in-
dwelling catheter; the associated focal infection; parameters for determination of
disease severity; response after the introduction of presumptively appropriate
antimicrobials; and the final outcome of bacteremia.

(iv) Statistical analysis. Patient characteristics and outcome measures were
compared by univariate analysis by the �2 test or Fisher’s exact test or by the
Mann-Whitney U test, as deemed appropriate. The significance level was 0.05.
Stepwise logistic regression models determined significant predictors and inter-
actions. The final model included confounding variables significant at a two-
tailed P value of �0.05 and their interactions. The Student t test was used for
comparison of the mean duration from the onset of sepsis to the time of admin-
istration of adequate antimicrobials. The SAS (version 6.12) and SPSS (version
10.0) software packages were used for analysis.

Microbiologic analysis. (i) Antimicrobial susceptibility tests. MICs were de-
termined by the agar dilution method, as described by the National Committee
for Clinical Laboratory Standards (NCCLS) (23). The following antimicrobial
agents were tested: cefpodoxime (Sankyo, Tokyo, Japan), ceftazidime (Hanmi
Pharmaceutical Co., Seoul, Korea), cefotaxime (Hanmi Pharmaceutical Co.),
aztreonam (Bristol-Myers Squibb, Syracuse, N.Y.), cefotetan (Yamanouchi
Pharmaceutical Co., Tokyo, Japan), piperacillin (Wyeth-Ayerst, Pearl River,
N.Y.), piperacillin-tazobactam (Wyeth-Ayerst), imipenem (Merck & Co., Elk-
ton, Tex.), gentamicin (Young Jin Pharmaceutical Co., Seoul, Korea), and ami-
kacin (Yuhan-Cyanamid, Seoul, Korea).

(ii) Screening and confirmatory tests for ESBL-producing strains. Strains for
which the cefpodoxime, ceftazidime, cefotaxime, or aztreonam MIC was �2
�g/ml were subjected to confirmatory tests by the double-disk synergy test (15)
and/or the phenotypic confirmatory test for the production of ESBL recom-
mended by NCCLS (23).

(iii) Analytical IEF and enzyme inhibition assay. Isoelectric focusing (IEF)
was performed with sonicated extracts by the method of Mathew et al. (20) by
using a Mini IEF cell system (Bio-Rad Laboratories, Inc., Hercules, Calif.).
Enzyme activities were detected by overlaying the gel with 0.5 mM nitrocefin and
comparing the active bands with those for reference enzymes. An inhibition assay
was performed by overlaying the gels with 0.5 mM nitrocefin (Glaxo-Wellcome
Co., London, United Kingdom) with and without 0.3 mM cloxacillin or 0.3 mM
clavulanic acid in 0.1 M phosphate buffer (pH 7.0) (8).

(iv) Transfer of resistance. Logarithmic-phase cells of each isolate were mated
with similar cultures of E. coli J53 Azir on Trypticase soy agar plates (Becton
Dickinson Microbiology System, Cockeysville, Md.). After overnight incubation,
transconjugants were selected on Trypticase soy agar containing 100 �g of
sodium azide (Sigma, St. Louis, Mo.) per ml and 2 or 10 �g of ceftazidime or 64
�g of cefoxitin per ml (13).

(v) LCR for discrimination of SHV ESBL. Clinical isolates or their transcon-
jugants suspected of carrying �-lactamases of the SHV family were subjected to
the ligase chain reaction (LCR) for preliminary discrimination among SHV-1,
SHV-2, SHV-2a, SHV-3, SHV-4, SHV-5, and SHV-12, as recently described by
the authors (17).

(vi) TEM or SHV gene sequencing. The TEM- or SHV-related genes from
clinical isolates or their transconjugants were amplified by PCR and sequenced
with a dideoxy termination cycle sequencing kit (Perkin-Elmer Cetus, Norwalk,
Conn.), as described previously (16, 19).

(vii) PCR for the genes of �-lactamases other than TEM or SHV. CMY-1-
related, PSE-related, and OXA-1-related genes were amplified as described
previously (16, 29).

(viii) PFGE. Pulsed-field gel electrophoresis (PFGE) was performed with a
CHEF Mapper XA system (Bio-Rad Laboratories, Inc.), as described previously
(9). The chromosomal DNA was digested with XbaI (New England BioLabs Inc.,
Beverly, Mass.) at 37°C for 6 h. DNA was electrophoresed in 1% chromosomal-
grade agarose (Bio-Rad Laboratories, Inc.). The electrophoretic conditions were
as follows; initial switch time, 2.16 s; final switch time, 54.17 s; run time, 22 h;
angle, 120°; gradient, 6.0 V/cm; temperature, 14°C; ramping factor, linear. The
PFGE patterns were analyzed with the computer software Molecular Analyst
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(Bio-Rad Laboratories, Inc.). The PFGE patterns were compared by the un-
weighted pair group method with arithmetic averages with the Dice coefficient of
similarity.

RESULTS

Risk factors for infection by ESBL-producing strains.
Among the 142 episodes of bacteremia that were analyzed, 49
episodes were caused by ESBL-producing E. coli (15 episodes)
or K. pneumoniae (34 episodes) isolates (the ESBL group) and
93 episodes were caused by E. coli (66 episodes) or K. pneu-
moniae (27 episodes) isolates that did not produce an ESBL
(the non-ESBL group). The demographic and clinical charac-
teristics for the two groups are given in Table 1. Eighty-four
(59%) patients were on anticancer chemotherapy, and all of
them were neutropenic at the onset of bacteremia; 6 patients
were on adrenocorticotropin or steroid therapy due to infantile
spasm or nephrotic syndrome; and 12 patients were premature
infants. Seven patients were full-term infants in the newborn
period. Twenty-six children had a variety of underlying chronic
diseases including biliary atresia, bronchopulmonary dysplasia,
congenital heart diseases, congenital muscular diseases, and
others. Six of the patients had no predisposing factors; four
cases of bacteremia were associated with urinary tract infec-
tion, and two were associated with acute appendicitis.

The mean age of the children infected with ESBL-producing

strains was significantly lower than that of children infected
with ESBL-nonproducing strains (4.58 � 5.02 years [standard
deviation] versus 7.17 � 5.97 years [P 	 0.01 by the Student t
test]; range, 2 days to 17.4 years versus 0 days to 17.8 years).

Twenty-seven percent (13 of 49) of the patients in the ESBL
group and 42% (39 of 93) of the patients in the non-ESBL
group had concomitant focal infections such as pneumonia,
urinary tract infections, or ascending cholangitis; but the fre-
quencies of these focal infections were not significantly differ-
ent between the two groups either overall or for each category
of focal infection. The frequency of shock or organ dysfunction
at the time of presentation was not different between the
groups.

The risk factors for bacteremia caused by ESBL-producing
strains of E. coli or K. pneumoniae determined by univariate
analysis included hospitalization, care in an intensive care unit,
ventilator care, antibiotic use within the preceding 30 days, the
presence of a central venous access catheter, and the develop-
ment of breakthrough bacteremia during antibiotic therapy
(Table 2). Exposure to extended-spectrum cephalosporins was
a risk factor for infection with ESBL-producing strains, while
other antimicrobial agents did not increase the risk. Forty-five
(92%) of the 49 episodes in the ESBL group were nosocomial
in origin, as were 59 (63%) of 93 episodes in the non-ESBL
group. Among the remaining four patients infected with

TABLE 1. Demographic and clinical features at the time of presentation of children with bacteremia due to
either ESBL-producing or ESBL-nonproducing E. coli or K. pneumoniae

Characteristic ESBL group (n 	 49) Non-ESBL group (n 	 93) P valuea

Sex (no. of males: no. of females) 27:22 54:39 0.79

Mean � standard deviation age (yr) 4.58 � 5.02 7.17 � 5.97 0.01

Status or underlying disease (no. of episodes)
Hematological malignancy 22 44 0.77
Solid tumor 9 10 0.21
Steroid user 1 5 0.66
Preterm 6 6 0.24
Neonate 3 4 0.45
Othersb 8 18 0.66
Nonec 0 6 0.09

Focus of infection (no. [%] of episodes) 13 (27) 39 (42) 0.07
Pneumonia 6 7 0.35
Peritonitis 1 5 0.66
Urinary tract infection 3 8 0.75
Abscess 1 4 0.72
Cellulitis 0 5 0.72
Ascending cholangitis 2 6 0.72
Meningitis/acute otitis media/septic knee/typhlitis 0 1/1/1/1

Presenting condition at sepsis onset or presentationd

Shock 6/42 8/87 0.384
Hypothermia 2/42 2/87 0.596
Renal insufficiency 1/42 5/86 0.663
Hepatic dysfunction 9/41 25/86 0.397
Neurological dysfunction 1/41 1/87 0.540
Respiratory difficulty in case of pneumonia 0/6 0/7

a Association was evaluated by Pearson’s �2 test or Fisher’s exact test for all parameters except age, which was compared by the Student t test.
b Others include biliary atresia (n 	 8 episodes), chronic renal diseases (n 	 3); chronic encephalopathy (n 	 3); congenital neuromuscular diseases (n 	 2);

bronchopulmonary dysplasia (n 	 2); chronic hepatitis (n 	 2); failure to thrive (n 	 2), and one episode each of congenital heart disease, Kasabach-Meritt syndrome,
intestinal pseudo-obstruction with central venous catheter, and toxic shock syndrome.

c These six patients were associated with urinary tract infections (4 cases) or acute appendicitis (2 cases).
d The values represent the number of episodes with the indicated condition/total number of patients evaluated.
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ESBL-producing strains, two patients had been hospitalized 3
or 4 weeks before the onset of bacteremia, one had visited a
hospital every week for chemotherapy, and the other was born
in the hospital 30 days before the onset of sepsis. Nosocomial
infection was a statistically significant risk factor for infections
with ESBL-producing strains (P 	 0.001). Among the patients
with nosocomially acquired cases of infection, however, the
mean duration of hospitalization was not significantly different
between the ESBL group and the non-ESBL group (P 	
0.683).

Logistic regression analysis showed a significant interaction
between the acquisition of sepsis caused by ESBL-producing
strains and three variables: prior hospitalization (odds ratio
[OR], 4.52; 95% confidence interval [CI], 1.6 to 13.1), prior use
of extended-spectrum cephalosporins (OR, 5.56; 95% CI, 1.9
to 16.0), and admission to an intensive care unit within the
previous month (OR, 35.7; 95% CI, 6.0 to 214.1) (Table 2).

Clinical outcome of bacteremia caused by ESBL-producing
E. coli or K. pneumoniae isolates. Among the 49 patients in the
ESBL group and the 93 patients in the non-ESBL group, 3 and
4 patients in the two groups, respectively, were discharged or
transferred to another hospital before their infections were
controlled; the discharges or transfers occurred 1 to 17 days
after the development of bacteremia. Additionally, one patient

in the ESBL group and two patients in the non-ESBL group
died of underlying diseases. Thus, 45 patients in the ESBL
group and the 87 patients in the non-ESBL group were in-
cluded in the clinical outcome analysis.

The fatality rates were analyzed according to the patients’ clin-
ical characteristics such as immune status and presence of shock
at the time of presentation, as well as the infecting organisms’
ESBL production status (Table 3). Production of ESBL or the
presence of shock at the time of presentation was associated with
a significantly higher fatality rate. The overall fatality rate for the
patients in the ESBL group was 26.7% (12 of 45), whereas it was
5.7% (5 of 87) for the patients in the non-ESBL group (P 	 0.001
by the �2 test), and the overall fatality rate for patients who
presented with shock was 40.0% (6 of 15), whereas that for pa-
tients who presented without shock was 9.4% (11 of 117) (P 	
0.001 by the �2 test). In the analysis of subgroups classified by the
presence of shock at the time of presentation, the fatality rates for
the ESBL groups were consistently higher than those for the
non-ESBL groups, regardless of the presence of shock at presen-
tation: 83.3% (5 of 6) versus 11.1% (1 of 9) for patients with shock
(P 	 0.01 by Fisher’s exact test) and 17.9% (7 of 39) versus 5.1%
(4 of 78) for patients without shock (P 	 0.04). However, the
patients’ immune status did not have significant effect on the
fatality rate.

TABLE 2. Analysis of risk factors for bloodstream infections caused by ESBL-producing versus ESBL-nonproducing E. coli or K. pneumoniae

Risk factor
No. (%) of episodes

P valuea

ESBL group (n 	 49) Non-ESBL group (n 	 93)

Hospitalization within previous 1 mo 36 (73) 42 (45) 0.001b

Use of any antibiotics within previous 1 mo 35 (71) 24 (26) 0.001
Use of extended-spectrum cephalosporin within previous 1 mo 20 (41) 6 (6) 0.001c

Use of any antibiotics other than extended-spectrum cephalosporins
within previous 1 mo

15 (31) 18 (19) 0.131

Infection during use of antibiotics 13 (27) 4 (4) 0.001
Nosocomial acquisitiond 45 (92) 59 (63) 0.001
Care in an intensive care unit within previous 1 mo 12 (24) 3 (3) 0.001e

Ventilator use in previous 1 mo 6 (12) 1 (1) 0.003
Presence of an indwelling central venous catheter 20 (41) 19 (20) 0.009
Neutropenia 31 (63) 56 (60) 0.7

a Logistic regression analysis showed significant interactions between acquisition of sepsis by ESBL-producing strains and three variables, that is, prior hospitalization,
prior use of an extended-spectrum cephalosporin, and admission to an intensive care unit within the previous month.

b OR (95% CI), 4.52 (1.6 to 13.1), by linear logistic regression analysis.
c OR (95% CI), 5.56 (1.9 to 16.0).
d The mean numbers of days of hospitalization at the time of onset of sepsis among the episodes in patients with nosocomial infections where 31.5 � 25.9 and 25.5 �

24.4 days (P 	 0.33) for the ESBL and non-ESBL groups, respectively.
e OR (95% CI), 35.7 (6.0 to 214.1).

TABLE 3. Fatality rates for episodes of bloodstream infections caused by ESBL-producing versus ESBL-nonproducing E. coli or
K. pneumoniae isolates by immune status and presence of shock at presentation

Immune status

No. of fatal episodes/total no. of episodes (%)a for the indicated status at presentation:

ESBL group Non-ESBL group
Total

Shock positive Shock negative Shock positive Shock negative

Immunocompromised 3/4 6/31 0/8 4/53 13/96 (13.5)b

Immunocompetent 2/2 1/8 1/1 0/25 4/36 (11.1)b

Subtotal 5/6 (83.3)c 7/39 (17.9)d 1/9 (11.1)c 4/78 (5.1)d

a Twelve of 45 patients (26.7%) in the ESBL group and 5 of 87 patients (5.7%) in the non-ESBL group died. The total number of deaths among patients in both
groups was 17 (12.9%). The P value for the overall number of fatalities for the ESBL group versus that for the non-ESBL group, 0.001.

b P value (Mann-Whiney U test) for immunocompetent group versus immunocompromised group, 1.0.
c P value for mortality rate for the ESBL group versus that for the non-ESBL group among patients who presented with shock, 0.01.
d P value for mortality rate for the ESBL group versus that for the non-ESBL group among patients who presented without shock, 0.04.
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Response to antimicrobial therapy of bacteremia caused by
ESBL-producing E. coli or K. pneumoniae isolates. In the anal-
ysis of the response to antimicrobial therapy, 27 patients (10 in
the ESBL group, 17 in the non-ESBL group) among the 132
patients that were analyzed for clinical outcome were ex-
cluded. These included 10 patients with coinfection, 8 patients
with superinfection, 1 patient who died within 24 h of antimi-
crobial therapy, and 8 patients who never received antimicro-
bials that were effective against the infecting organism as de-
termined by in vitro susceptibility testing. However, one
patient in the ESBL group who was discharged after more than
5 days of antibiotic therapy that was effective in vitro was also
included. Thus, the response to antimicrobial therapy was eval-
uated for 106 patients (36 in the ESBL group and 70 in the
non-ESBL group) who received antibiotics presumptively ap-
propriate against the infecting organism, according to in vitro
testing, for at least 24 h.

The numbers of favorable responses in the ESBL group
were compared to those in the non-ESBL group at the 3rd day,
the 5th day, and the end of treatment. The periods from the
onset of bacteremia to the administration of presumptively
appropriate antimicrobials ranged from 0 to 16 days, and the
mean periods were not different between the two groups (1.44
� 2.66 days for the ESBL group versus 1.10 � 2.27 days for the
non-ESBL group; P 	 0.489 by the Student t test). The favor-
able response rate was significantly higher in the non-ESBL
group at the 3rd day (30.6% [11 of 36] in the ESBL group
versus 52.9% [37 of 70] in the non-ESBL group; P 	 0.03), the
5th day (33.3% [12 of 36] versus 68.6% [48 of 70]; P 	 0.01),
and the end of therapy (69.4% [25 of 36] versus 98.6% [69 of
70]; P � 0.001).

In order to evaluate the clinical efficacies of oxyimino-cepha-
losporins for the treatment of bloodstream infections caused by
ESBL-producing organisms, we selected the patients who re-
ceived regimens that included extended-spectrum cephalospo-
rins shown to be effective against the infecting organisms ac-
cording to the results of in vitro tests. Among the 106 patients
who were analyzed for their response to antimicrobial therapy,
68 patients received regimens that included extended-spec-
trum cephalosporins shown to be effective against the infecting
organism by in vitro testing as an initial choice of therapy (28
patients; 7 in the ESBL group and 21 in the non-ESBL group)
or as part of a modification of the antibiotic therapy (40 pa-
tients; 10 in the ESBL group and 30 in the non-ESBL group)
for more than 5 days to allow evaluation of the efficacy of the
regimen. The periods from the onset of bacteremia to the
administration of cephalosporins were not different between
the ESBL and the non-ESBL groups, and an aminoglycoside
was coadministered to 64.7% (11 of 17) and 78.4% (40 of 51)
of the patients in each group, respectively (P 	 0.302). Favor-
able response rates were significantly higher in the non-ESBL
group at the 3rd day, the 5th day, and the end of cephalosporin
treatment (Table 4). Among the patients in the ESBL group,
there was no correlation between the MICs of the cephalospo-
rins used for treatment and favorable responses (data not
shown). However, among the six patients in the ESBL group
who received extended-spectrum cephalosporins, which were
the only antibiotics effective in vitro (that is, aminoglycosides
effective in vitro were not coadministered), one of one patient
infected with an organism for which the cephalosporin MIC

was 2 �g/ml and one of three patients infected with organisms
for which the MIC was 4 �g/ml responded to treatment, but
none of two patients infected with organisms for which the
MIC was 8 �g/ml responded by day 3 of therapy.

Twenty-two patients, 15 in the ESBL group and 7 in the
non-ESBL group, were given an aminoglycoside, which was the
only antibiotic effective in vitro, for more than 5 days during
the course of antibiotic therapy. The periods from the onset of
bacteremia to the time of administration of aminoglycosides
effective in vitro were not significantly different between the
two groups. There was no difference in the favorable response
rates between the two groups at the 3rd day and 5th day of
aminoglycoside therapy, but the favorable response rate at the
end of aminoglycoside therapy was significantly higher in the
non-ESBL group (Table 5). These 22 patients were further
analyzed by stratification of the patients according to the MICs
of the aminoglycosides administered to each patient for the
infecting organisms. As the patients received gentamicin or
amikacin and the susceptibility breakpoint concentrations
(SBPCs) of gentamicin (4 �g/ml) and amikacin (16 �g/ml) are
different, we analyzed the clinical response rate according to
the MIC/SBPC ratio of the aminoglycoside for the infecting
organism. Eight patients in the ESBL group were infected with
organisms for which the MIC/SBPC ratio was �1/8, and seven
patients in the ESBL group were infected with organisms for
which the MIC/SBPC ratio was �1/4 (up to 1); all patients in
the non-ESBL group were infected with organisms for which
the MIC/SBPC ratio was �1/8 (range, 1/16 to 1/8). Among the
patients in the ESBL group infected with organisms for which
MIC/SBPC ratios were �1/8, favorable response rates were
not different from those for patients in the non-ESBL group at
each time of evaluation. However, the favorable response rates
for the patients in the ESBL group infected with organisms for
which MIC/SBPC ratios were �1/4 were significantly lower
than those for patients in the non-ESBL group at each time of
evaluation (Table 5).

Antimicrobial susceptibility and prevalence and types of
ESBLs among the E. coli and K. pneumoniae isolates. (i) An-
timicrobial susceptibility. For 20 strains of E. coli and 36
strains of K. pneumoniae, cefpodoxime, ceftazidime, cefo-
taxime, or aztreonam MICs were �2 �g/ml. Of those strains,

TABLE 4. Favorable response rates for patients who received
regimens that included extended-spectrum cephalosporins that

were shown to be effective against the infecting organism
by in vitro susceptibility testing for more than 5 daysa

Time of
therapy

No. of patients with favorable response/
no. of patients evaluated (%)b

Pc

ESBL group Non-ESBL group Total

3rd day 6/17 (35.3) [1] 33/51 (64.7) [0] 39/68 (57.4) [2] 0.035
5th day 6/17 (35.3) [4] 36/50 (72.0) [1] 42/67 (62.7) [5] 0.007
End 9/17 (52.9) [4] 47/50 (94.0) [1] 56/67 (83.6) [5] �0.001

a Effective aminoglycosides were also administered during the course of ceph-
alosporin therapy for 64.7% of the patients in the ESBL group and 78.4% of the
patients in the non-ESBL group (P 	 0.302).

b The values in brackets represent the number of fatal cases. The times from
the onset of sepsis to the time of cephalosporin therapy were 3.17 � 2.80 and
2.53 � 2.83 days (mean � standard deviation) for the ESBL and non-ESBL
groups, respectively (the mean for all patients in both groups was 2.69 � 2.75
days). The P value for the comparison of the times for the two groups was 0.401
by the Student t test.

c P value by the Mann-Whitney U test.
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14 and 35 strains, respectively, were positive by the double-disk
synergy test or a phenotypic confirmatory test. Of the seven
strains against which clavulanic acid and cefotaxime, ceftazi-
dime, or aztreonam did not have synergistic activity, five strains
were subjected to further study because the MICs of cefpo-
doxime, ceftazidime, and/or cefotetan were �2 �g/ml. Thus, a
total of 18 strains of E. coli and 36 strains of K. pneumoniae
were further investigated.

(ii) IEF. Each strain produced one to four �-lactamases with
a pI of 5.4, 5.7, 5.9, 7.4, 7.6, 8.0, 8.2, or 8.5 in various combi-
nations (Table 6).

(iii) Transfer of resistance. The conjugation experiment was
performed with 10 of 16 strains of E. coli and 30 of 36 strains of
K. pneumoniae by the use of selective media. As a result, resis-
tance to ceftazidime or cefoxitin was transferred by conjugation in
10 of 10 E. coli strains and 30 of 30 K. pneumoniae strains.

(iv) LCR, PCR, and sequencing of �-lactamase genes. The
strains that produced �-lactamases with a pI of 7.6 and those
that produced �-lactamases with a pI of 8.2 had SHV-2a- and
SHV-12-specific mutations, respectively, as determined by a
previously described LCR (17). Nucleotide sequencing of the
blcSHV genes of those strains confirmed the results of LCR,
and there was no additional mutation in blcSHV. All 27 strains
that produced a pI 5.9 �-lactamase and 17 of 42 strains that
produced a pI 5.4 �-lactamase were subjected to TEM-specific
PCR and nucleotide sequencing for blaTEM. The results re-
vealed that the �-lactamase with a pI of 5.9 was TEM-52 in 25
of 27 strains and TEM-15 in 2 strains. All 17 strains that
produced a pI 5.4 �-lactamase had TEM-1 sequences. The
�-lactamase of pI 5.6 in three strains was TEM-88, a new
member of the TEM family of ESBLs (http://www.lahey.org
/studies.htm). TEM-88 had a mutation at position 196 (GGC
[glycine]3GAC [aspartate]; the numbering is according to the
scheme of Ambler et al. [1]), in addition to TEM-52-specific
mutations. The enzymatic characteristics of the TEM-88 �-lac-
tamase have been published separately (28).

Three strains produced an OXA-type enzyme which was not
inhibited by either clavulanic acid or cloxacillin. Two strains

produced �-lactamases with a pI of 5.7, and one strain pro-
duced a pI 7.4 �-lactamase. The genes for the pI 7.4 and the pI
5.7 �-lactamases were positively amplified by OXA-1-specific
and PSE-1-specific primers, respectively. Thus, the pI 7.4 and
pI 5.7 enzymes were considered OXA-1-like and PSE-1-like
�-lactamases respectively.

Six strains produced a pI 8.0 �-lactamase. The cefotetan
MICs for four strains (three strains of E. coli and one strain of K.
pneumoniae) were �256 �g/ml, and the enzymes produced by
these strains were inhibited by cloxacillin but not by clavulanic
acid. All four strains were positive by a CMY-1-specific PCR and
were considered to produce a CMY-1-like �-lactamase. Confir-
matory tests for the production of ESBL were positive for two of
the six strains (both were K. pneumoniae) that produced a �-lac-
tamase with a pI of 8.0 and for which cefotetan MICs (�0.06 and
0.25 �g/ml, respectively) and ceftazidime MICs (1 and 4 �g/ml,
respectively) were low but for which cefotaxime MICs were rel-
atively high (16 and 32 �g/ml, respectively). These results suggest
the production of CTX-M-type enzymes (4, 10). These enzymes
were proved to be CTX-M-14 by cloning and nucleotide sequenc-
ing of the blc genes of these strains (27).

Two strains of E. coli produced �-lactamases with a pI of 8.5.
The cefotetan MICs for these strains (1 and 8 �g/ml, respec-
tively) were borderline, and their �-lactamases were inhibited
by 0.3 mM cloxacillin but not by 0.3 mM clavulanic acid. These
strains were considered AmpC enzyme hyperproducers.

(v) Prevalence and types of ESBLs. To summarize, 16
(17.9%) of 89 strains of E. coli and 36 (52.9%) of 68 strains of
K. pneumoniae produced one or more ESBLs, and 2 strains of
E. coli were probable AmpC hyperproducers. The patterns of
�-lactamase production, the MICs of the �-lactam antimicro-
bials, and the numbers of strains with each pattern are sum-
marized in Table 6. It is of note that so many different ESBLs
were isolated during the 5 years that were studied. The types
(frequencies) of ESBLs detected were TEM-52 (identified in
25 strains), SHV-2a (21 strains), CMY-1-like (4 strains),
TEM-88 and SHV-12 (3 strains each), and TEM-15 and CTX-
M-14 (2 strains each). When the ESBLs were analyzed by year

TABLE 5. Favorable response rates in 22 patients who received an aminoglycoside as the only effective antibiotic against
the infecting organism, as determined by in vitro susceptibility testing, for more than 5 days

Aminoglycoside
MIC/SBPC ratioa

No. of patients with favorable response/no. of patients evaluated (%)

ESBL group Non-ESBL group

3rd day 5th day End of therapy 3rd day 5th day End of therapy

1/16 4/4 4/4 4/4 3/4 4/4 4/4
1/8 3/4 3/4 3/4 2/3 2/3 3/3

Subtotalb 7/8 (87.5) 7/8 (87.5) 7/8 (87.5) 5/7 (71.4) 6/7 (85.7) 7/7 (100)

1/4 0/1 0/1 0/1
1/2 0/1 0/1 0/1
1 0/5 0/5 1/5

Subtotalc 0/7 (0) 0/7 (0) 1/7 (14.3)

Totald 7/15 (46.7) 7/15 (46.7) 8/15 (53.3) 5/7 (71.4) 6/7 (85.7) 7/7 (100)

a Aminoglycoside MIC/SBPC ratio, ratio of the MIC of the aminoglycoside administered for the infecting organism to the SBPC of the aminoglycoside administered
(that is, 4 �g/ml for gentmicin and 16 �g/ml for amikacin, as recommended by NCCLS [23]). The periods from the onset of bacteremia to the time of administration
of aminoglycosides effective in vitro were not significantly different between the ESBL group (1.4 � 3.07 days) and the non-ESBL group (0.57 � 0.53 days) (P 	 0.085).

b The differences in favorable response rates between the ESBL group infected with organisms for which the aminoglycoside MIC/SBPC ratios were �1/8 and the
non-ESBL group were not statistically significant at the 3rd day (P 	 0.45), the 5th day (P 	 0.92), and the end of aminoglycoside therapy (P 	 0.35).

c The differences in favorable response rates between the ESBL group infected with organisms for which the aminoglycoside MIC/SBPC ratios were �1/4 and the
non-ESBL group were statistically significant at the 3rd day (P 	 0.007), the 5th day (P 	 0.007), and the end of amonoglycoside therapy (P 	 0.002).

d The differences in favorable response rates between the ESBL group as a whole and the non-ESBL group were not significant at the 3rd day (P 	 0.29 by the
Mann-Whitney test) or the 5th day (P 	 0.09) but reached statistical significance at the end of aminoglycoside therapy (P 	 0.032).
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of isolation, TEM-52 and SHV-2a were identified throughout
the years of the study, while other enzymes were identified
during 1- or 2-year periods.

The most common ESBL produced by E. coli was TEM-52
(which was produced by 10 of the 16 ESBL-producing strains),
followed by SHV-2a (which was produced by 6 strains).
TEM-52 and SHV-2a were most commonly identified among
the ESBL-producing K. pneumoniae strains (each ESBL was
produced by 15 strains). TEM-88 and CMY-1-like ESBLs were
identified in both E. coli and K. pneumoniae, while SHV-12,
TEM-15, and CTX-M-14 were identified only in K. pneu-
moniae.

(vi) PFGE. Nine strains of E. coli and 29 strains of K. pneu-
moniae, all of which produced ESBLs, were included in the
PFGE analysis. The results of PFGE showed extensive diver-

sity (Fig. 1). A few strains with the same �-lactamase profile(s)
had similar restriction patterns (e.g., strains Ec-A 98-043 and
Ec-A 98-030 and strains Kp-A 95-003 and Kp-A 95-011, as
shown in Fig. 1), and these strains were temporally closely
related. However, most strains showed unrelated patterns,
even though they had the same �-lactamases.

DISCUSSION

With the widespread use of extended-spectrum cephalospo-
rins throughout the world, strains that produce ESBLs have
been detected on every inhabited continent. These enzymes
are most commonly found in K. pneumoniae, but they are
increasingly found in E. coli, Proteus mirabilis, and other gram-
negative bacilli. The emergence and spread of ESBL-produc-

FIG. 1. Dendrograms of ESBL-producing K. pneumoniae (A) and E. coli (B) strains based on PFGE results. Twenty-nine strains of K.
pneumoniae and nine strains of E. coli were included in the analysis. For PFGE analysis, the chromosomal DNA was digested with XbaI and
electrophoresed in 1% agarose. The strains were clustered by the unweighted pair group method with arithmetic averages (UPGMA). The scale
indicates the percentage of genetic similarity. The molecular size marker is a bacteriophage lambda ladder (Bio-Rad Laboratories, Inc.). The strain
designations indicate the species (Kp, K. pneumoniae; Ec, E. coli), patterns of production of �-lactamases (A to K, as grouped in Table 6), year
of isolation, and strain number.
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ing strains have led to questions regarding the optimal therapy
for infections caused by ESBL-producing strains. Although
many reports have described outbreaks of infections caused by
ESBL-producing organisms, until now no randomized pro-
spective study of the treatment of infections caused by ESBL-
producing organisms has been conducted.

Most published reports on outbreaks caused by extended-
spectrum cephalosporin-resistant organisms contain limited in-
formation about the therapy used for the treatment of blood-
stream infections caused by ESBL-producing E. coli or K.
pneumoniae, as reviewed by Schiappa et al. (35). Recently,
more systematic attempts have been made to look at the clin-
ical outcomes of bacteremia caused by ESBL-producing E. coli
or K. pneumoniae strains or the therapeutic efficacies of treat-
ments for bacteremia caused by ESBL-producing E. coli or K.
pneumoniae strains.

Mehlhaff et al. (D. L. Mehlhaff, L. Breiceland, E. Tobin, R.
Venezia, B. Lomaestro, M. Miller, and D. Stein, Abstr. 36th
Intersci. Conf. Antimicrob. Agents Chemother., abstr. J-098,
1996) performed a matched case-control study in which they
compared the rates of survival of 16 patients with bacteremia
caused by ESBL-producing members of the family Enterobac-
teriaceae and 24 controls and investigated the relationship be-
tween ceftizoxime use without an aminoglycoside and the clin-
ical outcome. The characteristics of the patients were not
different between the ESBL and the non-ESBL groups with
respect to age, McCabe score, or hospital location; but infec-
tions caused by ESBL-producing organisms were associated
with significantly higher rates of mortality (P 	 0.05). There
was no relationship between ceftizoxime use and death among
the case patients.

Schiappa et al. (35) published a case-control study of 31
cases of bacteremia caused by ESBL-producing E. coli or K.
pneumoniae strains. Mean APACHE II scores (21.8 versus
13.1; P � 0.001) were significantly higher for patients with
ceftazidime-resistant K. pneumoniae or E. coli bacteremia than
for controls. Mortality rates were similar between the case and
control patients who received an antibiotic to which the iso-
lates were susceptible within 3 days of the identification of the
bacteremia, and case patients were less likely to die if they
received treatment for �1 day with an antibiotic to which the
isolates was susceptible within 3 days of identification of the
bacteremia (P 	 0.02).

In a report of 216 patients with K. pneumoniae bacteremia,
Paterson et al. (D. L. Paterson, W. C. Ko, S. Mohapatra, A.
Van Gottberg, L. Mulazimoglu, J. M. Casellas, K. P. Klugnam,
G. M. Trenholme, M. M. Wagener, and V. L. Yu, Abstr. 37th
Intersci. Conf. Antimicrob. Agents Chemother., abstr. J-210,
1997) indicated that the mortality rate was 46% for 32 patients
with bacteremia caused by ESBL-producing K. pneumoniae
strains and 34% for patients with bacteremia caused by
ESBL-nonproducing K. pneumoniae strains (P 	 0.22). In ad-
dition, the rate of mortality for patients with bacteremia
caused by ESBL-producing K. pneumoniae strains was 23% if
treatment was with imipenem, whereas it was 42% when other
active antibiotics were used (P 	 0.07).

In a study performed in a pediatric oncology ward (2), the
sepsis-related mortality rate was higher among 16 patients
infected with ceftazidime-resistant K. pneumoniae strains
(50.0%) than 15 patients infected with ceftazidime-susceptible

K. pneumoniae strains (13.3%) (P 	 0.02). Patients who did not
receive antibiotics directed against ceftazidime-resistant K.
pneumoniae strains within 48 h of admission were more likely
to have a fatal outcome than those who did (P 	 0.009).

In an analysis of 80 patients infected with ESBL-producing
organisms, the overall rate of mortality was 24%, and the
mortality rate was significantly lower when a carbapenem was
used in the first 5 days than when a noncarbapenem was used
(mortality rate, 5 versus 43%; P 	 0.01) (D. L. Paterson, W. C.
Ko, A. V. Gottberg, S. Mohapatra, J. M. Casellas, L. Mulazi-
moglu, H. Goossens, G. Trenholme, K. Klugman, L. B. Rice,
R. A. Bonomo, and V. L. Yu, Abstr. 36th Annu. Meet. Infect.
Dis. Soc. Am., abstr. 188, 1998).

In an international multicenter study that analyzed 36 cases
of serious infections due to apparently susceptible organisms
producing ESBLs, including 26 cases published in the litera-
ture, 100% (4 of 4) of the patients experienced clinical failure
when the MICs of the cephalosporins used for treatment were
in the intermediate range and 54% (15 of 28) experienced
clinical failure when the MICs of the cephalosporins were in
the susceptible range. In addition, failure rates were the high-
est (100%; 6 of 6) in patients infected with organisms for which
the MIC of the cephalosporin used was 8 �g/ml and were the
lowest in patients (27%; 3 of 11) infected with organisms for
which the MIC was �2 �g/ml; there was a statistically signifi-
cant increase in the failure rate as the MICs rose within the
susceptible range (P 	 0.004) (31).

The studies described above suggest that bacteremia caused
by ESBL-producing strains is associated with a higher mortal-
ity rate and that carbapenem use and early administration of
appropriate antimicrobials may reduce the rate of mortality
among patients with infections caused by ESBL-producing or-
ganisms. However, information regarding the efficacies of ex-
tended-spectrum cephalosporins is limited. The prognosis of
bacteremia caused by a member of the family Enterobacteri-
aceae depends on several factors such as the underlying dis-
ease, the clinical severity at the time of administration of an-
timicrobials, and the antibiotic regimen. In the present series,
there were no differences between the ESBL and non-ESBL
groups in the frequency or types of underlying diseases, clinical
severity, and the interval from the onset of sepsis to the time of
administration of presumptively appropriate antibiotics. How-
ever, the overall rate of mortality was higher in the ESBL
group. In an analysis of a subset of patients treated for more
than 5 days with a regimen that included extended-spectrum
cephalosporins, favorable response rates at the 3rd day, the 5th
day, and the end of cephalosporin therapy were significantly
lower in the ESBL group than in the non-ESBL group. These
observations support the current recommendation that extend-
ed-spectrum cephalosporins should not be used for the treat-
ment of bloodstream infections caused by ESBL-producing E.
coli or K. pneumoniae strains, even though they are susceptible
to extended-spectrum cephalosporins by in vitro susceptibility
testing. However, it is of note that among seven patients de-
scribed by Wong-Beringer et al. (A. Wong-Beringer, N. Lee, J.
Hindler, M. Loeloff, R. Goldschmidt, L. Licata, and K. Bush,
Abstr. 39th Intersci. Conf. Antimicrob. Agents Chemother.,
abstr. 1478, 1999) with bacteremia caused by ESBL-producing
E. coli or K. pneumoniae strains, patients with favorable out-
comes were infected with isolates that produced a single ESBL,
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whereas patients with unfavorable outcomes were infected
with isolates that produced multiple ESBLs. This suggests that
the production of an ESBL does not necessarily preclude suc-
cessful cephalosporin therapy if the ESBL-producing organism
is fully susceptible to the agent, which is also suggested by one
of the reports mentioned above (31). This tendency was also
observed in the present study, although the number of cases
was small; one of one patient infected with an organism for
which the MIC of the cephalosporin was 2 �g/ml and one of
three patients infected with organisms for which the MIC was
4 �g/ml responded to treatment, but none of two patients
infected with organisms for which the MIC was 8 �g/ml re-
sponded by the third day of therapy with cephalosporins.

The optimal therapy for infections caused by ESBL-producing
members of the family Enterobacteriaceae has yet to be estab-
lished. Therapeutic options include �-lactam–�-lactamase
inhibitor combinations, cephamycin, carbapenems, fluoroqui-
nolones, and aminoglycosides. Imipenem has been the most
successful drug in many of the published reports (2, 5, 22) and
is the most promising antibiotic for the treatment of infections
caused by ESBL-producing organisms. It is well recognized
that antibiotic-induced endotoxin release significantly contrib-
utes to mortality from sepsis. Imipenem may be superior to
cephalosporins in the treatment of infections caused by gram-
negative organisms due to its rapid bacteriolysis with low levels
of endotoxin release, as well as its stability to hydrolysis by
ESBLs (11). In the present series, three patients in the ESBL
group and seven patients in the non-ESBL group received
imipenem within the first 5 days of the onset of bacteremia.
One patient in the ESBL group was in shock at the time of
presentation. All of the imipenem-treated patients in the
non-ESBL group recovered, but only one imipenem-treated
patient in the ESBL group recovered. The two patients in the
ESBL group who did not improve with imipenem therapy had
been administered imipenem from the onset of sepsis. The
patient who presented with shock at the onset of sepsis died on
day 6 of therapy, and the other patient did not recover until day
14 of therapy, when the patient, whose bacteremia was uncon-
trolled, was transferred to another hospital. The number of
patients in this series was too small to draw any meaning from
the results of imipenem therapy.

Although many reports have mentioned decreased rates of
mortality in patients treated with imipenem, the severity of the
illness was not reflected and the numbers of patients evaluated
were small in most analyses. Further investigation is needed to
evaluate the efficacy of carbapenem in the treatment of infec-
tions caused by ESBL-producing organisms. It should also be
noted that the emergence of imipenem resistance in Pseudo-
monas aeruginosa and other gram-negative bacilli is a well-
described complication of frequent imipenem use.

One of the remarkable findings from this study is that infec-
tions caused by organisms for which aminoglycoside MICs are
elevated had poor responses to those antimicrobials, even
though the MICs were within the susceptible range. Among
the patients treated with aminoglycosides and for whom ami-
noglycosides were the only effective antibiotic, as determined
in vitro, there was a striking difference in the favorable re-
sponse rates between patients infected with strains for which
the aminoglycoside MIC/SBPC ratios were �1/8 and those
infected with strains for which the MIC/SBPC ratios were �1/4

(Table 5). Aminoglycosides have a concentration-dependent
killing ability, and peak concentration in serum/MIC ratios
and/or area under the concentration-time curve/MIC ratios are
the most important parameters with which the efficacies of
aminoglycosides are correlated (7). Aminoglycoside MICs for
ESBL-producing organisms are often elevated. It is possible
that the decreased peak concentration in serum/MIC ratio with
increasing MICs causes clinical failure. Our data suggest that
aminoglycosides alone should not be used for the treatment of
bloodstream infections caused by ESBL-producing organisms
with reduced susceptibilities to aminoglycosides, even though
the organisms are found to be susceptible by in vitro testing.

The unusually high prevalence of ESBL producers in the
present series may partly be explained by the fact that the hospital
serves as a tertiary referral center in Korea and by the fact that
most of the ESBL producers were nosocomial in origin. When
analyzed by year of isolation, the prevalence of ESBL produc-
ers was almost the same throughout the study period, which
suggests that ESBL (especially TEM-52 and SHV-2a)-produc-
ing strains were already endemic in the hospital by 1993. The
extensive diversity of the PFGE patterns of the ESBL-produc-
ing strains also indicates that ESBL-producing strains were
endemic in the hospital and that this was due to the dissemi-
nation of plasmids rather than the clonal spread of resistant
organisms, even though we did not analyze the plasmids.

The predominant ESBL types vary geographically (21, 24).
In the United States, most hospital outbreaks have been due to
TEM mutant �-lactamases produced by K. pneumoniae, par-
ticularly TEM-12, TEM-10, and TEM-26. Recent studies of
hospital-associated infections in the United States have noted
that SHV-4 and SHV-5 are becoming the predominant types of
ESBLs found in nosocomial isolates of K. pneumoniae. In Ger-
many, SHV-2 and SHV-5 seem to be the most predominant;
and in France, SHV-3, SHV-4, and TEM-3 are more common.
SHV-2 is widespread internationally (14).

The predominant ESBL types in this series were TEM-52
and SHV-2a among strains of both E. coli and K. pneumoniae.
Additionally, TEM-88 and CMY-1-like ESBLs were identified
in both E. coli and K. pneumoniae strains, while SHV-12, TEM-
15, and CTX-M-14 were identified only in K. pneumoniae
strains. In other studies that have looked at the ESBL types in
Korea, TEM-52 was the only TEM-type ESBL identified, and
in contrast to the present series, the most common SHV-type
ESBL was SHV-12 (16, 26, 30). The identification of TEM-15
and TEM-88 in Korea makes it possible to speculate on the
evolutionary sequence of TEM-type ESBLs in Korea, i.e.,
TEM-15 to TEM-52 and then to TEM-88 (28). We recently
identified the CTX-M-14 ESBL in clinical isolates of E. coli
and Shigella sonnei, in addition to that identified in K. pneu-
moniae included in this study (27). The ESBLs from each of
these species had the same amino acid sequences, which sug-
gests that this enzyme is disseminated in Korea.

In summary, we analyzed the clinical outcomes and responses
to antibiotic therapy of patients with bloodstream infections
caused by ESBL-producing E. coli and K. pneumoniae strains in
comparison with those in patients with bloodstream infections
caused by strains that did not produce an ESBL. We also
analyzed the types of ESBLs produced by these strains. Logis-
tic regression analysis showed a significant interaction between
the acquisition of sepsis caused by ESBL-producing strains and
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three variables: prior hospitalization, prior use of extended-
spectrum cephalosporins, and admission to an intensive care
unit within the previous month. Infections with ESBL-produc-
ing strains were associated with higher mortality rates and
lower rates of favorable clinical responses to antibiotic regi-
mens that included extended-spectrum cephalosporins with or
without aminoglycosides to which the infecting organisms were
susceptible by in vitro testing. Among the patients treated with
an aminoglycoside and for whom an aminoglycoside was the
only effective antibiotic in vitro, elevated aminoglycoside MICs
were associated with lower favorable clinical responses, even
though the MIC of the aminoglycoside was within the suscep-
tible range. The most common ESBLs were SHV-2a and
TEM-52, followed by SHV-12, TEM-15, CMY-1-like ESBLs,
etc. A novel TEM ESBL (TEM-88) was also identified. This
report represents the largest molecular epidemiologic and clin-
ical analysis of bloodstream infections caused by ESBL-pro-
ducing E. coli and K. pneumoniae strains in children reported
so far.
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